Only few studies have investigated the impact of surgery for rectal cancer on sexual function. Little of that research included quality of life (QoL) aspects and hardly any study analyzed the impact of age, gender and type of surgery on sexual function. The aim of the presented study was to address these issues. Over a 5 y period, EORTC-QLQ-C-30 and a tumor-specific module were prospectively administered to patients before surgery, at discharge, 3, 6, 12 and 24 months postoperatively. Comparisons were made between patients receiving abdominoperineal resection (APR), anterior resection (AR) with or without Pouch and Sigmoid resection. Furthermore, effects of surgery on female and male patients, and age groups were analyzed. A total of 819 patients participated in the study: 412 were males and 407 were females. The groups were comparable in terms of adjuvant treatment, tumor stage and histology. Patients after APR and AR with Pouch had worst sexual function. Men reported significantly more difficulties with sexual enjoyment; furthermore, over time, sexual problems created high levels of strain in men that were worse than baseline levels in the early postoperative period. These problems tended to remain. Patients aged 69 y and younger scored higher for problems with loss of sexual function and sexuality-related strain than patients aged 70 y and older. The findings in this study confirm that QoL changes postsurgery and that factors like type of surgery, gender and age have tremendous impact on sexual function and sexual enjoyment. APR and AR with Pouch affect sexual function more than AR and resection of the lower sigmoid. Through impaired sexual enjoyment, men are put more under strain than women. Patients aged 69 y and younger experience more stress through deteriorated sexual function.
Introduction
Colorectal cancer is the second and third most common cancer among women and men in the United States and Europe. 1 Treatment includes rectal resection and radio/chemotherapy in 50% of all cases. 2 Standard for oncologic resection of lower cancers includes total mesorectal excision (TME). 3 This comprehensive treatment is known to cause sexual dysfunction. However, the incidence varies and depends on the surgical technique and extent of resection. Reported values range from 18 to 50%. 2 A reason for variation lies in the assessment of sexual function, which has been inconsistent in most studies. The techniques differ greatly and include interviews, clinical tests and nonvalidated questionnaires. 4, 5 Furthermore, factors such as age, gender adjuvant therapy and type of surgery can also have an impact on sexual function, but studies measuring this effect in a prospective way are rare. Finally, it is important to consider patients' quality of life (QoL) to determine whether such impairments disrupt everyday activities. Some studies have included QoL, but the instruments used were often not tumor specific or not validated, which has caused inconsistent findings. 6 This study describes a 5-y prospective assessment of sexual function and QoL in patients with rectal cancer and cancer of the lower sigmoid (16) (17) (18) (19) (20) (21) (22) cm from anus). The aim was to determine to what extent sexual function was influenced by surgery, gender and age. Therefore, main focus will be put on sexual function and less on clinical and general QoL data.
Patients and methods
A prospective evaluation of 819 patients with rectal cancer including patients with cancer of the rectosigmoid border (16) (17) (18) (19) (20) cm from anus), who had undergone resection in our department from January 1997 to December 2002, was undertaken. A total of 39 patients who underwent an anterior rectal resection for gynecological tumors or benign lesions, two patients with psychiatric disorders and patients with existing sexual malfunction were excluded from the study. Questions on preoperative sexual dysfunction were asked on admission. Informed consent to analyze patient data was obtained from patients prior to surgery in our department.
All patients received a questionnaire requesting information regarding demographic factors and the impact of cancer on QoL. The questionnaires were distributed before surgery and at discharge. In 95% of cases, this was within 12 days (73 days) following surgery. Postoperatively, to determine survival status, the patients' physicians were contacted prior to mailing the questionnaires, and when applicable, cause of death. At 3, 6, 12 and 24 months following surgery, the questionnaires were mailed to the patients. Details of medical and drug history, histology, stage of disease and therapy given were collected from the patient's records.
General cancer-related QoL was measured with EORTC-QLQ-C-30. 7 In this questionnaire, QoL is assessed on seven dimensions: functional status, role function, general symptoms, cognitive, emotional, social functioning and financial strain. In addition to the general questionnaire, we used a tumor-specific module that was developed according to the guidelines of EORTC. 8 The English version of the instrument is validated and the German validation is in process. Reliability was determined by a Cronbach's a of 0.762. 9 The module also showed a good face validity. We added questions about sexual function, sexual strain and use of aids for colostomy and fecal incontinence. 9 The questions were only included in the modules at 3, 6, 12 and 24 months after surgery. They asked about impairment of sexual function related to surgery and about stress/strain from this impaired sexual function. Furthermore, the patients are asked about the extent to which the medical treatment has put them under strain. Both questionnaires contain questions related to the previous week. Four response categories from 1 (not at all) to 4 (very much) are possible. The scoring systems are organized such that a high score for a functional scale or global health status/QoL represents a high level of functioning or high QoL, but a high score for a symptom scale/item, as it relates to the colon-or rectumspecific module, represents a high level of symptomatology or dysfunction. The principle for scoring is to estimate the average of the items that contribute to the scale; this is the raw score. A linear transformation is used to standardize the raw score, so that scores range from 0 to 100. 10 
Statistical analysis
The results are presented as percentages and proportions. Distributions and frequencies were compared by w 2 test. Age and length of stay were compared by unpaired t-tests. Since QoL data were not normally distributed, nonparametric methods were used in the statistical analysis. The patient groups were compared by Mann-Whitney U test and Kruskal-Wallis test. Survival was analyzed using the life table procedure (SPSS) for 5-y survival. Patients who underwent surgery in 2002 were included into the analysis as censored cases. Po0.05 was considered significant. The scoring was performed according to the EORTC-QLQ-C30 Scoring Manual: scales were calculated when at least half of the items were completed by the patients. 10 Data were analyzed using SPSS for Windows (Version 10.0, Chicago, IL, USA).
Results
Of the 819 patients potentially eligible for the study, 407 were females and 412 males. The patients' age ranged from 42 to 89 y with an average age of 66.8 y. Survival for all patients after 5 y was 74.5%. During the time observed, 174 (21.2%) patients had died due to the disease. QoL data were available for 495 patients for at least one time point. For each time point, we received an average of 265 (32.4%) questionnaires as shown in Table 1 . A total of 87 (10.6%) patients refused to take part in the study, 41 (5%) addresses of patients were unknown and 22 (2.6%) questionnaires are still missing. There were no significant differences between the group of patients with and without QoL data in terms of gender, age, type of surgery and adjuvant therapy. There were also no differences between men and In the group with QoL data, 66 patients received an abdominoperineal resection (APR) and 306 patients an anterior resection (AR). A total of 36 patients had an ultralow AR with Pouch (neorectum) and in 133 patients a resection of the lower sigmoid was performed. Temporary fecal diversion to protect the pelvic anastomosis was performed in 67 patients. Restoration of intestinal continuity occurred 3 months following the initial surgical procedure. In all rectal cancer patients with tumors of the lower two-thirds (AR with Pouch and APR), conventional mesorectal incision including total nerve sparing (when possible) was performed. Partial TME was performed for all upper-third tumors (AR). A description of the patients is given in Table 2 .
Type of surgery and sexual function
Comparing APR, AR with Pouch and AR with patients receiving resection of the lower sigmoid, one significant difference was seen in the EORTC-QLQ-C-30 scales. For the majority of the time period observed, both groups experienced similar functioning and symptoms. Significantly more problems with constipation were reported by patients receiving rectal resection after 3 months postsurgery (Table 3 ). In the specific module scales, significant differences were observed for the item 'impaired sexual function' from 3 months postsurgery until 24 months postsurgery ( Figure 1 ). Strain from this impairment was seen at 6 and 12 months postoperation ( Figure 2 ). Comparing patients receiving AR, AR with Pouch and APR, no differences were seen in the EORTC scales. In the module scales, we found sexual function significantly more impaired for patients after APR and AR with Pouch ( Figure 3 ). Significantly more strain from impaired sexual function was reported at 3 and 12 months for patients after APR and AR with Pouch and after 6 months postsurgery for patients receiving APR ( Figure 4 ).
Gender, QoL and sexual function
The EORTC core questionnaire showed significant differences between men and women (Table 3) . Physical functioning was better for men throughout the time observed. Scores for insomnia and fatigue were significantly higher for women than for men prior surgery, at discharge, and after 3 and 6 months postsurgery (Table 3 ). In the tumor-specific questionnaire, women scored higher for distress through the medical treatment than men. Both experienced limitations in their sexual life, but men had significantly higher scores than women and felt more distress through restricted sexual function than women (Figures 5 and 6 ).
Age, QoL and sexual function
We divided patients into groups o50, 50-59, 60-69, 70-79 and over 80 y. Significant differences were seen between patients over 70 and patients aged 69 y and younger in the EORTC scales. Physical functioning was better for patients aged 69 y and younger throughout the time observed except at discharge (Table 3) . Sexual function was impaired more in Sexual function and rectal cancer CE Schmidt et al patients aged 69 y and younger at 3, 6 and 24 months ( Figure 7 ). The impairment caused significantly more stress from 3 months until 24 months postsurgery than for those patients aged 70 y and older ( Figure 8 ). Treatment strain was significantly increased for patients aged 70 y and older after 3 months but decreased over time, while at the same Sexual function and rectal cancer CE Schmidt et al time increased for patients aged 69 y and younger. After 2 y postsurgery, treatment strain was higher for patients aged 69 y and younger than those patients aged 70 y and older ( Figure 9 ).
Discussion
Therapy for rectal cancer can have a detrimental effect on sexual function and sexual enjoyment in men and women. 11 Accurate assessment of impaired sexual function with questionnaires however is difficult, because many patients find questions related to sexual function too intrusive and as a consequence choose not to complete them. This problem has been observed in several studies. [12] [13] [14] Therefore, various methods of measuring sexual Furthermore, some studies show that sexual function after rectal resection seems to be better in women than in men. 6 Thus gender distribution should be adjusted when conducting research on that subject. Studies also indicate that patients undergoing an APR have worse sexual function than those patients who received sphincter preserving surgery for rectal cancer. 13, 14 Only in few investigations an effect of age on sexual function after rectal cancer surgery was found, but the findings were inconsistent. 15 In summary, measuring sexuality after surgery for rectal cancer remains somewhat difficult due to assessment problems and the unknown impact of potential confounders. Furthermore, appropriate methodology has to be applied so that missing data are minimized. Therefore, to date, information on sexual function after surgery for rectal cancer is unsatisfactory due to methodological limitations in the majority of studies. 6, 16 Investigations on the effect of surgical techniques found sexual function after APR worse than after sphincter preserving surgery. 6, 13, 14 Balslev and Harling 17 assessed sexual function in patients who had received rectal cancer surgery retrospectively by interviews. The researchers found patients with APR to have worse sexual function than those with AR. An effect of age or tumor stage on sexual function was not observed. Furthermore, they discovered that potency was usually regained within 2 y after surgery. 17 Part of these findings might be influenced by the study design, which included interviews, and a relatively small sample size. In a study by Maurer et al, 18 sexual function was better after TME and nerve preservation than after conventional surgery for rectal cancer. However, sexual function of the whole sample was decreased in their study. Further research could confirm the potential benefit of nerve preserving TME on perceived sexual function in patients with rectal cancer: Maas et al 19 investigated sexual and bladder function after preservation of the pelvic autonomic nerves during TME. They found impotence to be related to sacrifice of the inferior hypogastric plexus and ejaculatory dysfunction to be related to sacrifice of the superior hypogastric plexus. However, sexual function did not change during follow-up in that investigation. 19 In studies where surgery was combined with radiotherapy in advanced tumors, the rate of reported sexual dysfunction increased independent of type of surgery. 20 Finally, new techniques such as the laparoscopically assisted rectal resection seem to be associated with higher rates of male sexual dysfunction in comparison with the conventional approach. 21 The influence of gender on sexual function after rectal surgery was analyzed in very few studies. Most research was undertaken looking at the effect of gender on survival and tumor location. Engel et al 13 and Camilleri-Brennan and Steele 14 found male gender to be associated with worse sexual function than in women after surgery for rectal cancer. However, Mannaerts et al 22 studied patients with advanced rectal cancer and found the same extent of impaired sexual function (50%) in male and female patients after comprehensive treatment for rectal cancer. Other research indicates that men suffer more from erectile dysfunction and retrograde ejaculation while women experience pain during intercourse. 23 Chatwin et al 5 looked at sexual function and defactory dynamics after rectal surgery. In their retrospective study, nine out of 13 men reported sexual dysfunction after surgery. However, a detrimental effect on QoL was not seen, which might be due to the retrospective design and small sample size. 5 Furthermore, the study focused on men only.
Research regarding the effect of age on sexual function after rectal cancer surgery is also rare. In a series of 26 male patients undergoing APR of the rectum for cancer, Danzi et al 15 looked at sexual function after surgery administering questionnaires to the patients before and after the operation. Sexual dysfunction was seen in 61.5% of all patients with a strong impact of age on postoperative sexual function. In patients aged 58-65 y, sexual function was impaired in 40% of all cases. Tumor stage had no effect on sexual function. The researchers concluded that age of the patients was the most important factor related to sexual activity after rectal resection for cancer. 15 The sample size included 43 patients, did not adjust confounders and focused on men. In conclusion, the majority of the inconsistencies regarding the assessment of postoperative sexual function are related to study design, sample size and methodology applied. Furthermore, only few researchers used validated or tumor-specific instruments. Therefore, there might also be a lack of specific information to interpret the results.
In the present study, the effects of type of surgery, age and gender on QoL and sexual function were investigated in a prospective setting. The instruments applied had strong psychometric properties. Especially, EORTC-QLQ-C30 has proven its reliability in various studies. 24, 25 Because the official module for colorectal cancer of EORTC is not validated yet, we used a recently validated instrument for rectal cancer patients that was developed parallel to the official module of EORTC. 9, 26 We added questions on sexual function after surgery and stress related to loss of sexual function. The additional questions focused on fecal incontinence, diarrhea, sexual function, sexual enjoyment, colostomy-related problems and use of aids/devices for colostomy. Finally, a question about adjuvant Sexual function and rectal cancer CE Schmidt et al therapy and medication was included. Thereafter, the module for patients with colorectal cancer consisted of 39 items and showed sufficient reliability and good face validity. 9 Looking at the overall QoL, we found that patients receiving a resection of the lower sigmoid had better function and fewer symptoms throughout the time observed. Specifically, we found sexual function worse in patients receiving an APR and AR with Pouch, which might be due to the extended surgery in the pelvis and increased damage sustained to the autonomic pelvic nerves and pelvic floor. Sexual function and sexual enjoyment were impaired for women and men, although men had worse scores and as a result increased strain through the impairment. Strain and impairment tended to remain over time. Age had an effect on sexual function and enjoyment after surgery. While patients aged 69 y and younger suffered significantly more from impaired sexual function, patients older than 70 y had less stress due to the loss of sexual function. This effect remained over time. Patients older than 70 y experienced more treatment strain after discharge and after 3 months postsurgery but performed better over time. During the same time, treatment strain in patients aged 69 y and younger increased and was significantly higher after 2 y. Our data indicate that this change is associated with sexual impairment and sexual enjoyment in these patients. The distribution however of patients per age group (327o70 vs 168470) could also be part of this phenomenon.
The strengths of the study are grounded in their methodology, which included prospective assessment with validated instruments and allowed adjustment of potential confounders. 16 However, some specific information on sexual function in men is missing: in addition to the cancer-specific module, we intended to use the validated German version of the International Index of Erectile Function (IIEF), which is recommended in patients with sexual dysfunction orders. 27 In 23 prospective interviews, men aged 45-82 y rated the instrument to be intrusive. A total of 19 patients (82%) said they would not fill out the questionnaire, because it went into too much detail and they felt that they lost their privacy. Therefore, we did not use IIEF to measure the extent of impaired sexual function after rectal surgery. Although the specific module asks about impairment of sexual function and strain through the impairment, the present study is limited to show detailed effects of rectal surgery on sexual function such as erectile function and ejaculation ability. In an ongoing study of our research group with prostate cancer patients, we experienced similar findings using IIEF. About 54% of the patients participating in the study broke off after 3 months due to the questions in IIEF. The problem with missing data related to questions about sexuality is known. Studies from the United States and Europe have indicated similar experiences. 28, 29 However, researchers from Asia had opposite findings: in a study by Kim et al, 30 more than 80% of patients with rectal cancer answered IIEF when they were asked for sexual and voiding function after TME with pelvic autonomic nerve preservation. Thus there seem to be some cultural differences in the perception of questions concerning sexual function.
In this study, we asked about sexual impairment after surgery. The preoperative assessment of sexual function was performed by interviews on admission to exclude patients with existing sexual dysfunctions. As these results bear the risk of an interviewer bias, we did not use these data in our study. To assess accurately potential effects of surgery on postoperative sexual function, we carefully chose our wording in the questionnaires. As a consequence, we cannot provide comparable preoperative data on sexual function. Furthermore, due to lack of complete panels (only 64 patients completed questionnaires at all six points of assessment), the analysis of repeated measure scores over time was not possible. Therefore, the results may potentially be biased, as we do not know if the patients who dropped out are missing at random or missing due to advanced disease. However, we hypothesize that both groups are comparable since we found no evidence that patients with or without QoL data differed in medical parameters (tumor stage, radio/ chemotherapy, etc). For stratification, we compared operations and age for men and women separately. The differences found remained significant. Still, conclusions from this study should be made with caution.
The aim of the study was to assess prospective changes of sexual function and QoL after surgery for colorectal cancer with special focus on the impact of surgical procedure, gender and age on sexual function. Only longitudinal prospective assessment of QoL in oncology allows accurate detection of short-and long-term effects of treatment as shown in various studies. 16 To date, there are only a few studies that collect QoL data in daily routine practice, but this should change. 16 Assessment of sexual function and QoL can help to identify those areas, before and after surgery, that have been affected by the disease or by its treatment so that special support in terms of counseling can be directed toward improving specific areas of QoL. 31 Kü chler et al 32 showed that patients who had psychosocial support under these circumstances resulted in higher QoL levels before and after the intervention.
